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(57) ABSTRACT

A touch detection module, includes: a plurality of dniving
clectrodes arranged side by side; a plurality of sensing
clectrodes staggered with respect to the driving electrodes;
and a touch dniving circuit configured to supply touch

driving signals to the plurality of driving electrodes and to
detect touch detection signals through the plurality of sens-
ing electrodes to identily touch position coordinates,
wherein the touch driving circuit 1s configured: to vary
frequency modulation parameter set values in response to a
change 1n a frequency of reference clocks, and to generate
and supply a frequency of the touch driving signals by using
the reference clocks and a varied frequency modulation
parameter set value.
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TOUCH DETECTION MODULE AND
DISPLAY DEVICE INCLUDING THE SAMEL

CROSS-REFERENCE TO RELATED
APPLICATION

The present application claims priority to and the benefit
of Korean Patent Application No. 10-2022-0055256 filed on

May 4, 2022, 1n the Korean Intellectual Property Oflice, the
entire content of which 1s incorporated herein by reference.

BACKGROUND
1. Field

Aspects of some embodiments of the present disclosure
relate to a touch detection module and a display device
including the same.

2. Description of the Related Art

The information society in its progression sees the
increasing demand for various forms of image display
devices. For example, display devices may be utilized with
or mcorporated into various electronic devices such as
smartphones, digital cameras, notebook computers, naviga-
tion systems, and smart televisions.

A display device may be a flat panel display device such
as a liquid crystal display device, a field emission display
device, or an organic light emitting display device. Among
flat panel display devices, light emitting display device
generally includes a light emitting device provided with a
display panel 1n which each pixel can emit light autono-
mously, thereby displaying images without the use of a
backlight unit 1n order to provide light to the display panel.

In recent times, display devices include a touch detection
module for detecting a user’s touch as one of the iput
interfaces. The touch detection module includes a touch
sensing unit with an arrangement of touch electrodes, and a
touch driving circuit for detecting an amount of charge
established 1n the capacitance between the touch electrodes.
The touch detection module may be mass-produced inte-
grally formed on an 1image display unit of the display device
or while being mounted on the front surface of the image
display unit.

The above nformation disclosed in this Background
section 1s only for enhancement of understanding of the
background and therefore the information discussed in this
Background section does not necessarily constitute prior art.

SUMMARY

Aspects of some embodiments of the present disclosure
include a touch detection module (or touch detector, or touch
detection component, or touch detection circuit) capable of
generating a constant frequency of touch driving signals by
varying and applying frequency modulation parameters in
response to a change 1n the frequency of reference clocks,
and a display device including the touch detection module.

However, the characteristics of embodiments according to
the present disclosure are not restricted to those set forth
herein. The above and other aspects of the present disclosure
will become more apparent to one of ordinary skill 1n the art
to which the present disclosure pertains by referencing the
detailed description of the present disclosure given below.

According to some embodiments of the present disclo-
sure, a touch detection module, includes: a plurality of
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driving electrodes arranged side by side; a plurality of
sensing electrodes arranged to be staggered with respect to
the driving electrodes; and a touch driving circuit configured
to supply touch driving signals to the plurality of driving
clectrodes and detect touch detection signals through the
plurality of sensing electrodes to detect touch position
coordinates, wherein the touch driving circuit 1s configured
to vary Irequency modulation parameter set values in
response to a change 1n a frequency of reference clocks, and
to constantly (or regularly, or repeatedly) generate and
supply a frequency of the touch driving signals by using the
reference clocks and a varied frequency modulation param-
cter set value.

According to some embodiments, the touch driving cir-
cuit includes: a reference clock generation unit configured to
generate the reference clocks based on a preset reference
frequency; a reference clock detection unit configured to
generate frequency information 1tems of the reference clocks
in real-time; a data storage unit configured to store and share
frequency modulation parameter set values respectively
corresponding to the frequency information items of the
reference clocks; a touch driving control unit configured to
read 1n real-time, from the data storage unit, the frequency
modulation parameter set values corresponding to the fre-
quency information items of the reference clocks, and to
generate a touch driving period signal according to the
reference clocks and the frequency modulation parameter set
values; and a driving signal output unit configured to gen-
erate the touch driving signals 1n response to information on
a generation period of the touch driving period signal, and
to supply the touch driving signals to the plurality of driving
clectrodes.

According to some embodiments, the touch driving cir-
cuit further includes a sensing circuit unit configured to
detect the touch detection signals through the plurality of
sensing electrodes; an analog-to-digital conversion unit con-
figured to sequentially convert the touch detection signals
into touch data items; a touch data generation unit config-
ured to calculate differential data values of the touch data
items by comparing the touch data items with preset detec-
tion reference data; and a touch coordinate output unit
configured to calculate the touch position coordinates for the
touch data items having large differential data values among
the touch data 1items sequentially detected through the touch
data generation unit.

According to some embodiments, the frequency modula-
tion parameter set values include period values of the
reference clocks, the period values being obtained by setting
rising or falling periods of the reference clocks, and wherein
the touch driving control unit 1s configured to generate the
touch driving period signal for each generation period of the
reference clocks according to the frequency modulation
parameter set values to maintain frequencies of the touch
driving period signal and the touch driving signals.

According to some embodiments, the touch driving con-
trol unit 1s configured to count the reference clocks that are
inputted sequentially, in correspondence with the frequency
modulation parameter set values, for generating the touch
driving period signal for each of period counts of the
reference clocks and maintaining the frequency of the touch
driving signals.

According to some embodiments, the touch driving con-
trol umit 1s configured to compare frequency iformation of
the reference clocks inputted from the reference clock
detection unit with pre-stored frequency information or
reference frequency mformation to determine whether the
reference clocks have a frequency error subjected to a
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variation, and to be responsive to vanations of the frequency
information items of the reference clocks for reading, from
the data storage unit, frequency modulation parameter set
values corresponding to varied frequency information items
ol the reference clocks.

According to some embodiments, the frequency modula-
tion parameter set values include period values of the
reference clocks, the period values being obtained by setting,
rising or falling periods of the reference clocks, and wherein
the touch driving control unit 1s configured to count the
reference clocks that are inputted sequentially, 1n correspon-
dence with the frequency modulation parameter set values,
to generate the touch driving period signal for each of
counted periods of the reference clocks, and to generate the
touch driving signals based on the touch driving period
signal.

According to some embodiments, the touch driving cir-
cuit 1s configured to vary a voltage modulation parameter set
value 1n response to a change 1n a voltage level of the
reference clocks, and to constantly (or regularly or repeat-
edly) generate and supply a voltage level of the touch
driving signals by using the reference clocks and a varied
voltage modulation parameter set value.

According to some embodiments, the touch driving cir-
cuit includes a reference clock generation unit configured to
generate the reference clocks based on a preset reference
voltage; a reference clock detection unit configured to
generate voltage level information items of the reference
clocks 1n real-time; a data storage unit configured to store
and share voltage modulation parameter set values respec-
tively corresponding to the voltage level information i1tems
of the reference clocks; a touch driving control unit config-
ured to read in real-time, from the data storage unit, the
voltage modulation parameter set values corresponding to
the voltage level information 1tems of the reference clocks,
and to generate a touch driving period signal according to
the reference clocks and the voltage modulation parameter
set values; and a driving signal output umt configured to
generate the touch driving signals in response to a voltage
level of the touch driving period signal, and to supply the
touch driving signals to the plurality of driving electrodes.

According to some embodiments, the voltage modulation
parameter set values include additional compensatory volt-
age values for voltages of the reference clocks, and wherein
the touch driving control unit 1s configured to further com-
pensate the voltages of the reference clocks with voltages
according to the voltage modulation parameter set values to
maintain the voltage level of the touch driving signals.

According to some embodiments, the touch driving con-
trol unit 1s configured to further compensate voltages of the
reference clocks that are mputted sequentially with voltages
according to the voltage modulation parameter set values to
generate a touch driving period signal and maintain the
voltage level of the touch driving signals.

According to some embodiments, the touch driving con-
trol unit 1s configured to compare voltage level information
of the reference clocks inputted from the reference clock
detection unit with pre-stored voltage level information or
reference voltage information to determine whether the
reference clocks have a voltage error subjected to a varia-
tion, and to be responsive to variations of the voltage level
information 1tems of the reference clocks for reading, from
the data storage unit, voltage modulation parameter set
values corresponding to additionally inputted voltage level
information items of the reference clocks.

According to some embodiments, the voltage modulation
parameter set values include additional compensatory volt-
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age values for voltages of the reference clocks, and wherein
the touch driving control unit 1s configured to further com-
pensate voltages of the reference clocks that are inputted
sequentially with voltages according to the voltage modu-
lation parameter set values to generate a touch driving
period signal and maintain the voltage level of the touch
driving signals.

According to some embodiments of the present disclo-
sure, a display device includes: a display panel including a
display area 1n which a plurality of pixels are arranged; and
a touch detection module on a front surface of the display
panel and configured to detect a user’s touch, wherein the
touch detection module includes a plurality of driving elec-
trodes arranged side by side, a plurality of sensing electrodes
arranged to be staggered with respect to the driving elec-
trodes, and a touch driving circuit configured to supply touch
driving signals to the plurality of driving electrodes and
detect touch detection signals through the plurality of sens-
ing electrodes to detect touch position coordinates, and
wherein the touch driving circuit 1s configured to vary
frequency modulation parameter set values in response to a
change 1n a frequency of reference clocks, and to constantly
(or regularly or repeatedly) generate and supply a frequency
of the touch driving signals by using the reference clocks
and a varied frequency modulation parameter set value.

According to some embodiments, the touch driving cir-
cuit includes a reference clock generation unit configured to
generate the reference clocks based on a preset reference
frequency; a reference clock detection unit configured to
generate frequency information 1tems of the reference clocks
in real-time; a data storage unit configured to store and share
frequency modulation parameter set values respectively
corresponding to the frequency information items of the
reference clocks; a touch driving control unit configured to
read 1n real-time, from the data storage unit, the frequency
modulation parameter set values corresponding to the fre-
quency information items of the reference clocks, and to
generate a touch driving period signal according to the
reference clocks and the frequency modulation parameter set
values; and a driving signal output unit configured to gen-
erate the touch driving signals 1n response to information on
a generation period of the touch driving period signal, and

to supply the touch driving signals to the plurality of driving
clectrodes.

According to some embodiments, the touch driving cir-
cuit includes a sensing circuit unit configured to detect the
touch detection signals through the plurality of sensing
clectrodes; an analog-to-digital conversion unit configured
to sequentially convert the touch detection signals into touch
data 1tems, a touch data generation unit configured to
calculate differential data values of the touch data items by
comparing the touch data items with preset detection refer-
ence data; and a touch coordinate output unit configured to
calculate the touch position coordinates for the touch data
items having large differential data values among the touch
data items sequentially detected through the touch data
generation unit.

According to some embodiments, the frequency modula-
tion parameter set values include period values of the
reference clocks, the period values being obtained by setting
rising or falling periods of the reference clocks, and wherein
the touch driving control unit 1s configured to generate the
touch driving period signal for each generation period of the
reference clocks according to the frequency modulation
parameter set values to maintain the touch driving period
signal and the frequency of the touch driving signals.
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According to some embodiments, the touch driving con-
trol unit 1s configured to count the reference clocks that are

inputted sequentially, 1n correspondence with the frequency
modulation parameter set values, for generating the touch
driving period signal for each of period counts of the
reference clocks and maintaining the frequency of the touch
driving signals.

According to some embodiments, the touch driving con-
trol umit 1s configured to compare frequency information of
the reference clocks mputted from the reference clock
detection unit with pre-stored frequency information or
reference frequency information to determine whether the
reference clocks have a frequency error subjected to a
variation, and to be responsive to variations of the frequency
information 1tems of the reference clocks for reading, from
the data storage unit, frequency modulation parameter set
values corresponding to varied frequency information items
ol the reference clocks.

According to some embodiments, the frequency modula-
tion parameter set values include period values of the
reference clocks, the period values being obtained by setting,
rising or falling periods of the reference clocks, and wherein
the touch driving control unit 1s configured to count the
reference clocks that are inputted sequentially, 1n correspon-
dence with the frequency modulation parameter set values,
to generate the touch driving period signal for each of period
counts of the reference clocks, and to generate the touch
driving signals based on the touch drniving period signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects and characteristics of
embodiments according to the present disclosure will
become more apparent by describing in more detail aspects
of some embodiments thereol with reference to the attached
drawings, in which:

FIG. 1 1s a perspective view of a display device according,
to some embodiments.

FIG. 2 1s a plan view of the display device according to
some embodiments.

FIG. 3 1s a side view of the display device according to
some embodiments.

FIG. 4 1s a schematic layout diagram of an example of the
display panel shown in FIGS. 1 to 3 according to some
embodiments.

FIG. 5 1s a schematic layout diagram of an example of the
touch detection module shown 1n FIG. 3 according to some
embodiments.

FIG. 6 1s a detailed block diagram of a touch driving
circuit 1llustrated 1n FIGS. 1 to 3 according to some embodi-
ments.

FI1G. 7 1s a sequential flowchart of an operation sequence
of the touch driving circuit illustrated 1n FIG. 6 according to
some embodiments.

FIG. 8 1s a diagram 1illustrating frequency modulation
parameter set values and frequency modulation characteris-
tics of touch driving signals according to some embodi-
ments.

FI1G. 9 1s a wavetorm diagram 1llustrating reference clocks
and generation periods of touch driving signals 1n a touch
driving circuit according to some embodiments.

FI1G. 10 1s a graph 1llustrating changes 1n the frequency of
reference clocks and touch driving signals 1n a touch driving,
circuit according to some embodiments.

FIG. 11 1s another sequential flowchart of an operation
sequence of the touch driving circuit illustrated in FIG. 6
according to some embodiments.
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FIG. 12 1s a diagram 1illustrating voltage modulation
parameter set values and voltage modulation characteristics

of touch dniving signals according to some embodiments.

FIG. 13 1s a wavelorm diagram 1llustrating generation
periods and voltage levels of the reference clocks and the
touch driving signals in a touch driving circuit according to
some embodiments.

FIG. 14 1s a graph illustrating voltage changes of refer-
ence clocks and touch driving signals in a touch driving
circuit according to some embodiments.

FIGS. 15 and 16 are perspective views of a display device
according to some embodiments of the present disclosure.

FIGS. 17 and 18 are perspective views of a display device
according to some embodiments of the present disclosure.

DETAILED DESCRIPTION

Aspects of some embodiments of the present mvention
will now be described more fully hereinafter with reference
to the accompanying drawings, in which preferred embodi-
ments of the invention are shown. This invention may,
however, be embodied 1in different forms and should not be
construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey
the scope of the mnvention to those skilled 1n the art.

It will also be understood that when a layer 1s referred to
as being “on’” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also
be present. The same reference numbers indicate the same
components throughout the specification.

It will be understood that, although the terms *“first,”
“second,” etc. may be used herein to describe various
clements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another element. For instance, a first element discussed
below could be termed a second element without departing
from the teachings of the present imnvention. Similarly, the
second element could also be termed the first element.

Each of the features of the various embodiments of the
present disclosure may be combined or combined with each
other, 1n part or 1n whole, and technically various interlock-
ing and driving are possible. Each embodiment may be
implemented independently of each other or may be 1mple-
mented together 1n an association.

Hereinaftter, aspects of some embodiments of the present
disclosure will be described 1n more detail with reference to
the attached drawings.

FIG. 1 1s a perspective view of a display device according,
to some embodiments. FIG. 2 1s a plan view of the display
device according to some embodiments, and FIG. 3 1s a side
view of the display device according to some embodiments.

Referring to FIGS. 1 to 3, a display device 10 according
to some embodiments may be applied to a portable elec-
tronic device such as a mobile phone, a smartphone, a tablet
personal computer (PC), a mobile communication terminal,
an electronic notebook, an electronic book, a portable mul-
timedia player (PMP), a navigation system, and an ultra-
mobile PC (UMPC). Alternatively, the display device 10
according to some embodiments may be applied as a display
unit of a television, a laptop computer, a monitor, a bill-
board, or the Internet of Things (IoT). Yet alternatively, the
display device 10 according to some embodiments may be
applied to a wearable device such as a smartwatch, a watch
phone, a glasses-type display, and a head-mounted display
(HMD). Yet alternatively, the display device 10 according to
some embodiments may be applied to a dashboard of a
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vehicle, a center fascia of the vehicle, a center information
display (CID) located on a dashboard of the vehicle, and a

room mirror display that replaces the vehicle side mirrors, or
a display located on the back of the front seat as entertain-
ment means for the rear seat of the vehicle.

The display device 10 according to some embodiments
may be a light emitting display device such as an organic
light emitting display device using an organic light emitting
diode, a quantum dot light emitting display device including
a quantum dot light emitting layer, an morganic light emat-
ting display device including an inorganmic semiconductor,
and a micro or nano light emitting display device using a
micro or nano light emitting diode (micro LED or nano
LED). The following mainly describes the display device 10
according to some embodiments as an organic light emitting
display device, but the present disclosure 1s not limited
thereto.

The display device 10 according to some embodiments
includes a display panel 100, a display driving circuit 200,
a display circuit board 300, and a touch driving circuit 400.

The display panel 100 may be formed as a rectangular
plane having a short side 1n the first (X-axis) direction and
a long side 1n the second (Y-axis) direction itersecting the
first (X-axis) direction. A corner where the short side 1n the
first (X-axis) direction meets the long side in the second
(Y-axis) direction may be rounded to have a curvature (e.g.,
a set or predetermined curvature) or may be formed at a right
angle. The plane shape of the display panel 100 1s not limited
to a quadrangle and may be formed in other shapes like
polygons, circles, or ovals. The display panel 100 may be
formed to be flat or planar, but embodiments according to
the present disclosure are not limited thereto. For example,
the display panel 100 1includes curved portions formed at the
left and right ends and having a set or predetermined
curvature or a varying curvature. Additionally, the display
panel 100 may be flexibly formed to be bent, flexing,
bending, folded, or rolled.

The display panel 100 includes a main area MA and a
sub-area SBA.

The main area MA includes a display area DA {for
displaying an image and a non-display area NDA which 1s
a peripheral area of the display area DA. The display area
DA includes pixels for displaying an image. The sub-area
SBA may protrude from one side of the main area MA 1n the

second (Y-axis) direction.
FIGS. 1 and 2 1llustrate that the sub-area SBA 1s untolded,

although the sub-area SBA may be bent as shown in FIG. 3,
wherein 1t may be located on the lower surface of the display
panel 100. When the sub-area SBA 1s bent, 1t may overlap
the main area MA 1n the third (Z-axis) direction (e.g., 1n a
plan view of the display panel 100) which 1s the thickness
direction of a substrate SUB. The display driving circuit 200
may be located 1in the sub-area SBA.

Additionally, as shown in FIG. 3, the display panel 100
includes a display module DU and a touch sensing unit TSU
formed on the front surface of the display module DU,
wherein the display module DU 1ncludes the substrate SUB,
a thin film transistor layer TFTL, a light emitting device
layer EML, and an encapsulation layer TFEL.

The thin-film transistor layer TF'TL may be located on the
substrate SUB. The thin-film transistor layer TF'TL may be
located 1n both the main area M A and the sub-area SBA. The
thin-film transistor layer TFTL includes thin-film transistors.

The light emitting device layer EML may be located on
the thin film transistor layer TF'TL. The light emitting device
layer EML may be located in the display area DA of the
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main arca MA. The light emitting device layer EML
includes light emitting devices arranged 1n light emitting
units.

The encapsulation layer TFEL may be located on the light
emitting device layer EML. The encapsulation layer TFEL
may be located in both the display areca DA and the non-
display area NDA of the main areca MA. The encapsulation
layer TFEL 1ncludes at least one 1morganic layer and at least
one organic layer for encapsulating the light emitting device
layer EML.

The touch sensing unit TSU may be formed on the
encapsulation layer TFEL or mounted on the encapsulation
layer TFEL. The touch sensing unit TSU may be located 1n
the display area DA of the main area MA. The touch sensing
umt TSU may detect a touch of a person or an object by
using touch electrodes.

On the touch sensing unit TSU, a cover window may be
utilized for protecting the top of the display panel 100. The
cover window may be attached to the touch sensing unit
TSU by a transparent adhesive member such as an optically
clear adhesive (OCA) film or an optically clear resin (OCR).
The cover window may be an inorganic material such as
glass, or an organic material such as plastic or polymer
material. To prevent deterioration of 1image visibility due to
the reflection of external light, a polarizing film may be
turther located between the touch sensing unit TSU and the
cover window.

The display driving circuit 200 may generate signals and
voltages for driving the display panel 100. The display
driving circuit 200 may be formed of an integrated circuit
(IC) and attached to the display panel 100 by a chip on glass
(COG) method, a chip on plastic (COP) method, or an
ultrasonic bonding method, but embodiments according to
the present disclosure are not limited thereto. For example,
the display driving circuit 200 may be attached to the display
circuit board 300 1n a chip on film (COF) method.

The display circuit board 300 may be attached to one end
of the sub-area SBA of the display panel 100. This may
allow the display circuit board 300 to be electrically con-
nected to the display panel 100 and the display drniving
circuit 200. The display panel 100 and the display driving
circuit 200 may receive digital video data, timing signals,
and driving voltages through the display circuit board 300.
The display circuit board 300 may be a tlexible printed
circuit board, a printed circuit board, or a flexible film such
as a chip on film.

The touch driving circuit 400 may be located on the
display circuit board 300. The touch driving circuit 400 may
be formed of an integrated circuit (IC) and attached to the
display circuit board 300.

The touch driving circuit 400 may be electrically con-
nected to the touch electrodes of the touch sensing unit TSU.
The touch driving circuit 400 applies touch driving signals
to the touch electrodes of the touch sensing unit TSU and
measures a charge change of a mutual capacitance of each
of a plurality of touch nodes formed by the touch electrodes.
For example, the touch driving circuit 400 measures a
change 1n the capacitance of a plurality of touch nodes
according to a change in the voltage or current amount of a
touch detection signal recerved through the touch electrodes.
In this way, the touch driving circuit 400 may determine
whether the user touches, 1s proximal to, or does other
interactions with respect to the display device 10 according
to the charge change of the mutual capacitance of each of the
plurality of touch nodes. The user’s touch refers to direct
contact of an object such as a user’s finger or a pen with one
surface of the cover window located on the touch sensing




Us 11,977,703 B2

9

unit TSU. The user’s proximity refers to the hovering of an
object such as a user’s finger or pen on one surface of the
cover window.

The touch driving circuit 400 sets at least one of the touch
clectrodes and its connection line as a sensing reference line,
and additionally supplies a touch driving signal to at least
one sensing reference line. Then, the touch driving signal
detected through the sensing reference line 1s set as a sensing
reference signal. The touch driving circuit 400 may be
responsive to touch detection signals when detected through
the touch electrodes for compensating the voltage values of
the touch detection signals according to diflerential voltages
between the sensing reference signal and the touch detection
signals. For more accurate compensation, the touch driving
circuit 400 may turn to and apply another touch electrode
and 1ts connection line as the at least one sensing reference
line according to a location where touch 1s made.

The touch driving circuit 400 may extract touch coordi-
nates by correcting the touch detection signals according to
the noise application level due to the low-temperature driv-
ing, the charging mode, the high-frequency application, the
clectromagnetic noise application state, etc., or 1t may
switch the driving mode autonomously. For example, when
determining the noise application state, the touch driving
circuit 400 may perform a correction operation including a
rejection to the touch detection signals in response to the
detection or non-detection of a body part, a subject, or others
supposed to be detected through human body detection
sensors ol the display panel 100. Additionally, the touch
driving circuit 400 may detect a user’s touch by selectively
changing the touch sensing area 1n response to the detection
or non-detection of a body part positioned forwardly of the
display panel 100, and it may switch the driving mode to a
low-power mode or a standby mode, etc.

FI1G. 4 1s a schematic layout diagram of an example of the
display panel 100 shown 1n FIGS. 1 to 3. For example, FIG.
4 1s a layout diagram illustrating the display area DA and the
non-display area NDA of the display module DU before the
touch sensing unit TSU 1s formed.

The display area DA 1s an area for displaying an image,
and 1t may be defined as a central area of the display panel
100. The display area DA may include a plurality of pixels
SP, a plurality of gate lines GL, a plurality of data lines DL,
and a plurality of power lines VL. Each of the pixels SP may
be defined as a mimimum unit for emitting light.

The plurality of gate lines GL may supply the gate signal
received from a gate driver 210 provided in the display panel
100 to the plurality of pixels SP. The gate lines GL may
extend 1n the X-axis direction and may be spaced apart from
cach other 1n the Y-axis direction crossing the X-axis direc-
tion.

The plurality of data lines DL may supply the data voltage
received from the display driving circuit 200 to the plurality
of pixels SP. The data lines DL may extend in the Y-axis
direction and may be spaced apart from each other in the
X-axis direction.

The plurality of power lines VL may supply the power
voltage received from the display driving circuit 200 to the
plurality of pixels SP. Here, the power supply voltage may
be at least one of a driving voltage, an 1nitialization voltage,
or a reference voltage. The plurality of power lines VL may
extend 1n the Y-axis direction and may be spaced apart from
cach other 1n the X-axis direction.

The non-display area NDA may surround the display area
DA. The non-display area NDA may include the gate driver
210, fan-out lines FOL, and gate control lines GCL. The gate
driver 210 may generate a plurality of gate signals based on
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a gate control signal, and sequentially supply the plurality of
gate signals to the plurality of gate lines GL according to a
set order.

The fan-out lines FOL may extend from the display
driving circuit 200 to the display area DA. The fan-out lines
FOL may supply the data voltage received from the display
driving circuit 200 to the plurality of data lines DL.

The gate control line GCL may extend from the display
driving circuit 200 to the gate driver 210. The gate control
line GCL may supply the gate control signal received from
the display driving circuit 200 to the gate driver 210.

The sub-area SBA may include the display driving circuit
200, a display pad area DPA, and first and second touch-pad
arecas TPA1 and TPA2.

The display driving circuit 200 may output, to the fan-out
lines FOL, signals and voltages for driving the display panel
100. The display driving circuit 200 may supply data volt-
ages through the fan-out lines FOL to the data lines DL. The
data voltages may be supplied to the plurality of pixels SP,
and they may determine the luminance of the plurality of
pixels SP. The display driving circuit 200 may supply a gate
control signal through the gate control line GCL to the gate
driver 210.

The display pad area DPA, the first touchpad area TPAI,
and the second touchpad area TPA2 may be located at an
edge of the sub-area SBA. The display pad area DPA, the
first touchpad area TPA1l, and the second touchpad area
TPA2 may be electrically connected to the display circuit
board 300 by using an anisotropic conductive film or a
low-resistance high-reliability material such as SAP.

The display pad areca DPA may include a plurality of
display pad units. The plurality of display pad units may be
connected through the display circuit board 300 to a main
processor. The plurality of display pad units may be con-
nected to the display circuit board 300 to receive digital
video data, and they may supply digital video data to the
display driving circuit 200.

FIG. 5 15 a schematic layout diagram of an example of the
touch detection module shown 1 FIG. 3.

FIG. 5 illustrates that the touch electrodes SE of the main
arca MA include two types of electrodes, for example,
driving electrodes TE and sensing electrodes RE and that the
touch detection module operates in a mutual capacitance
method 1n which touch driving signals are applied to the
driving electrodes TE and then the sensing electrodes RE are
used to detect a charge change of a mutual capacitance of
cach of a plurality of touch nodes, but embodiments accord-
ing to the present disclosure are not limited thereto.

FIG. 5 1illustrates, for convenience ol description and
illustration, just the driving electrodes TE, sensing elec-
trodes RE, dummy patterns DE, touch lines SL., and first and
second touch pads TP1 and TP2, but embodiments are not
limited thereto.

Retferring to FIG. 5, the main area MA of the touch
sensing unit TSU includes the touch sensing area TSA for
sensing a user’s touch and a touch peripheral area TPA
arranged around the touch sensing area TSA. The touch
sensing arca TSA may overlap the display area DA of FIGS.
1 to 3, and the touch peripheral area TPA may overlap the
non-display areca NDA.

Located 1in the touch sensing arca TSA are the driving
clectrodes TE, sensing electrodes RE, and dummy patterns
DE. The dniving electrodes TE and the sensing electrodes
RE may be electrodes for forming mutual capacitance to
detect a touch of an object or a person.

The sensing electrodes RE may be arranged side by side
in the first (X-axis) direction and the second (Y-axis) direc-
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tion. The sensing electrodes RE may be electrically con-
nected 1n the first (X-axis) direction. The sensing electrodes
RE adjacent 1n the first (X-axis) direction may be electrically
interconnected. The sensing electrodes RE adjacent in the
second (Y-axis) direction may be electrically i1solated from
cach other. This may generate a touch node TN having
mutual capacitance to be placed at each of the intersections
between the drniving electrodes TE and the sensing elec-
trodes RE. Multiple touch nodes TN may correspond to the
intersections between the driving electrodes TE and the
sensing electrodes RE.

The driving electrodes TE may be arranged side by side
in the first (X-axis) direction and the second (Y-axis) direc-
tion. The driving electrodes TE adjacent 1n the first (X-axis)
direction may be electrically 1solated from each other. The
driving electrodes TE may be electrically connected in the
second (Y-axis) direction. The driving electrodes TE adja-
cent 1n the second (Y-axis) direction may be iterconnected
through separate connection electrodes.

The dummy patterns DE may each be arranged to be
surrounded by the dniving electrode TE or the sensing
clectrode RE. Each dummy pattern DE may be electrically

separated from the driving electrode TE or the sensing
. Hach dummy pattern DE may be arranged

clectrode RE.
such that 1t spaced apart from the driving electrode TE or the
sensing electrode RE. Each dummy pattern DE may be
clectrically floating.

FIG. § illustrates that each of the driving electrodes TE,
the sensing electrodes RE, and the dummy patterns DE has
a rthombus planar shape, but embodiments according to the
present disclosure are not limited thereto. For example, each
of the drniving electrodes TE, the sensing electrodes RE, and
the dummy patterns DE may be flat and have a quadrangle
other than the rhombus, a polygon other than the quadrangle,
a circle, or an ellipse.

The touch lines SL. may be located 1n the sensor peripheral
area TPA. The touch lines SL include first and second touch
driving lines TL1 and TL2 connected to the driving elec-
trodes TE, and the touch sensing lines RL connected to the
sensing electrodes RE.

The respective sensing electrodes RE located at one end
of the touch sensing area TSA may be connected one-to-one
to the touch sensing lines RL. For example, as shown i FIG.
5, the respective sensing electrodes RE located at the nght
end among the sensing electrodes RE electrically connected
in the first (X-axis) direction may be connected to the
respective touch sensing lines RL. Additionally, the respec-
tive touch sensing lines RL may be connected one-to-one to
the second touch pads TP2 located 1n a pad unit PD.

The drniving electrodes TE located at one end of the touch
sensing area TSA may be connected one-to-one to the first
touch driving lines TL1, and the driving electrodes TE
located at the other end of the touch sensing area TSA may
be connected one-to-one to the second touch driving lines
TL2. For example, among the driving electrodes TE elec-
trically connected 1n the second (Y-axis) direction, the
driving electrodes TE located at the lower end may be
respectively connected to the first touch driving lines TL1,
and the driving electrodes TE located at the upper end may
be respectively connected to the second touch driving lines
TL2. The second touch driving lines TL2 may be connected
to the driving electrodes TE on the upper side of the touch
sensing arca TSA via the left outer side of the touch sensing
area TSA.

The first touch driving lines TL1 and the second touch
driving lines TL2 may be connected one-to-one to the first

touch pads TP1 located 1n the pad unit PD. The driving
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clectrodes TE are adapted to receive touch driving signals by
being connected to the first and second touch driving lines
TL1 and TL2 at both ends of the touch sensing area TSA.
This can prevent or reduce instances of an RC delay of the
touch driving signal incurring a discrepancy between the
touch driving signals applied to the drwmg clectrodes TE
located on the lower side of the touch sensing area TSA and
the touch driving signals applied to the electrodes TE located
on the upper side of the touch sensing area TSA.

Where the display circuit board 300 1s connected to one
side of a flexible film as illustrated in FIGS. 1 to 3, the
display pad areca DPA, and the first and second touchpad
arcas TPA1 and TPA2 of the pad unit PD may correspond to
pads of the display panel 100 connected to the display circuit
board 300. Accordingly, the pads of the display panel 100
may be placed over and 1n contact with the display pads DP,
the first touch pads TP1, and the second touch pads TP2. The
display pads DP, the first touch pads TP1, and the second
touch pads TP2 are formed using an amsotropic conductive
film or a low-resistance high-reliability material such as
SAP for the same pads to be electrically connected to the
pads of the display circuit board 300. Therefore, the display
pads DP, the first touch pads TP1, and the second touch pads
TP2 may be electrically connected to the touch driving
circuit 400 located on the display circuit board 300.

FIG. 6 1s a detailed block diagram of the touch driving
circuit 400 illustrated in FIGS. 1 to 3.

Reterring to FIG. 6, the touch driving circuit 400 includes
a driving signal output unit (or driving signal output com-
ponent) 410, a sensing circuit unit (or sensing circuit) 420,
an analog-to-digital conversion unit (or analog-to-digital
converter) 430, a current detection unit (or current detector)
440, a touch driving control unit (or touch driving controller)
450, a reference clock generation unit (or reference clock
generator) 451, a reference clock detection unit (or reference
clock detector) 4355, a data storage unit (or data storage
component) 470, a touch data generation unit (or touch data
generator) 461, and a touch coordinate output unit (or touch
coordinate generator) 462.

The driving signal output unit 410 supplies touch driving
signals to the first touch pads TP1 and the driving electrodes
TE of the touch detection module through first touch pogo
pads ETP1.

The driving signal output unit 410 1s responsive to a touch
driving control signal from the touch driving control unit
450 for outputting touch driving signals to the drniving
clectrodes TE overall, including the leftmost driving elec-
trodes TE and the nightmost driving electrodes TE 1n the
touch sensing area TSA. In this case, the driving signal
output unit 410 may be responsive to the touch driving
control signal for sequentially outputting touch driving
signals to the drniving electrodes TE including the leftmost
and rightmost driving electrodes TE. Alternatively, the driv-
ing signal output unit 410 may be responsive to the touch
driving control signal for grouping the driving electrodes TE
into groups (e.g., a preset number of groups) and outputting
touch drniving signals for each group of the driving elec-
trodes TE. For example, the touch driving signal may be
supplied as a plurality of pulse signals generated with a
magnitude in a range of about 1.8 V to 2.2 V.

The reference clock generation unit 451 generates refer-
ence clocks according to a preset reference frequency 1n
response to an operation signal from the touch driving
control unit 450. The reference clock generation umt 451
transmits the reference clocks of the reference frequency to
the touch driving control unit 450 and the reference clock
detection unit 455. For example, the reference clock gen-
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eration unit 431 1s responsive to an operation signal inputted
from the touch driving control unit 450 for generating and
transmitting reference clocks according to the preset refer-
ence frequency of 50 MHz to the touch driving control unit
450 and the reference clock detection unit 455.

The reference clock detection unit 435 receives the ref-
erence clocks transmitted from the reference clock genera-
tion unit 451 to the touch driving control unit 450 at the same
time as they are received by the touch driving control unit
450. The reference clock detection unit 435 counts or
monitors the reference clocks mnputted from the touch driv-
ing control unit 450 1n units of a preset period and detects
frequencies of the reference clocks generated from the
reference clock generation unit 451 1n real-time. The refer-
ence clock detection unit 455 transmits frequency informa-
tion on the real-time detected frequencies of the reference
clocks to the touch driving control unit 450 and the data
storage unit 470.

The data storage unit 470 stores frequency modulation
parameters’ set values (A to C-values) respectively corre-
sponding to the frequency information items of reference
clocks. The data storage umt 470 1s responsive to the
inputted frequency information of the reference clocks from
the reference clock detection unit 4535 or the touch driving
control unit 450 for supplying the frequency modulation
parameter set values corresponding to the inputted fre-
quency information of the reference clocks to the touch
driving control unit 450. Here, the frequency modulation
parameter may be the generation periods of the reference
clocks, and accordingly, the frequency modulation param-
cter set values may be period values of the reference clocks,
which are obtained by setting the rising or falling periods of
the reference clocks. Accordingly, the touch driving control
unit 450 may be responsive to the frequency modulation
parameter set value when updated or inputted from the data
storage unit 470 for generating a touch driving period signal
for each generation period of the reference clock, corre-
sponding to the frequency modulation parameter set value,
and modulating the frequency of the touch driving signal.

The touch driving control unit 450 controls the drive
timing of the dniving signal output unit 410, the sensing
circuit unit 420, the analog-to-digital conversion umt 430,
the touch data generation unit 461, and the touch coordinate
output unit 462.

For example, the touch driving control unit 450 generates
a touch dniving control signal including a touch driving
period signal by using the reference clock mputted from the
reference clock generation unit 451 and the frequency
modulation parameter set value. For example, the touch
driving control unit 450 may count the reference clocks that
are mputted sequentially, 1n correspondence with the fre-
quency modulation parameter set values, thereby generating
the touch driving period signal for each of the period counts
of the reference clocks, and maintaining the frequency of the
touch driving signal.

The touch dniving control unit 450 supplies a touch
driving control signal including a touch driving period signal
in units of a preset period to the driving signal output unit
410, thereby controlling the driving signal output unit 410 to
supply the touch driving signals to the driving electrodes TE.
The driving signal output unit 410 may generate the touch
driving signal to correspond to the generation period of the
touch driving period signal and supply the generated touch
driving signal to the first touch pads TP1 and the driving
clectrodes TE.

The sensing circuit unit 420 detects, through second touch
pogo pads ETP2, a charge change of the mutual capacitance
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of each of the touch nodes TN from the touch sensing lines
RL of the touch sensing unit TSU and the second touch pads
TP2. The sensing circuit unit 420 may include operational
amplifiers AF for sensing a charge change of the mutual
capacitance of each of the touch nodes TN. The operational
amplifiers AF may be connected one-to-one to the second
touch pogo pads ETP2.

The analog-to-digital conversion unit 430 sequentially
converts the amplified output voltages of the second touch
pogo pads ETP2 from the operational amplifiers AF of the
sensing circuit 420, that 1s, the output voltages due to the
charge changes of the respective touch nodes TN, into touch
data which 1s digital data.

The current detection unit 440 detects an amount of
current from the signal amplified through the operational
amplifier AF of the sensing circuit unit 420. The current
detection umit 440 may detect the amount of current by using
a current detector and share the detected current detection
value with the touch data generation unit 461.

The touch data generation unit 461 sequentially receives,
from the analog-to-digital conversion unit 430, touch data
items for touch detection signals detected through the touch
clectrodes TE and the sensing electrode RE. The touch data
generation unit 461 sequentially compares the touch data
items for the touch detection signals with preset detection
reference data. Then, the touch data generation unit 461
extracts and transmits a result of comparing the touch data
items with the detection reference data, that 1s, the difler-
ential data values of the touch data items to the touch
coordinate output unit 462.

The touch coordinate output umt 462 calculates and
generates the touch position coordinates for the touch data
items having their differential data values greater than the
average value among the touch data items sequentially
detected through the touch data generation unit 461 to
supply the generated touch position coordinates to the
display driving circuit 200.

FIG. 7 1s a flowchart illustrating aspects of an operation
sequence of the touch driving circuit 400 1llustrated 1n FIG.
6. Although FIG. 7 i1llustrates various operations according,
to some embodiments, embodiments according to the pres-
ent disclosure are not limited thereto, and in some embodi-
ments, the order of operations may vary, or there may be
additional operations or fewer operations without departing
from the spirit and scope of embodiments according to the
present disclosure.

Referring to FIG. 7, the touch driving control unit 450
may supply an operation signal to the reference clock
generation unit 451 as a start signal for performing a touch
sensing operation. Accordingly, the reference clock genera-
tion unit 451 may be responsive to the operation signal from
the touch driving control unit 450 for generating and out-
putting reference clocks according to a preset reference
frequency. For example, the reference clock generation unit
451 may generate reference clocks on a preset reference
frequency of 50 MHz and transmit them to the touch driving
control unit 450 and the reference clock detection unit 455
(Step ST1).

The reference clock detection unit 455 counts, 1n units of
a preset period, the reference clocks transmitted from the
reference clock generation unit 4351 to the touch driving
control unit 450 to detect frequencies of the reference clocks
in real-time. The reference clock detection unit 455 may
transmit the reference clocks’ 1Irequency information
detected in real-time to the touch driving control unit 450

and the data storage unit 470 (S12).
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The touch driving control unit 450 compares the reference
clocks’ frequency information mputted from the reference
clock detection umt 455 with the previously stored fre-
quency 1nformation (or reference frequency information) to
determine whether the frequency of the reference clocks 1s
changed, that 1s, whether there 1s a frequency error variation

of the reference clocks. (ST3)

When the frequency of the reference clocks does not
change, the touch driving control unit 450 maintains a
frequency modulation parameter set value corresponding to
pre-stored frequency information (or reference frequency

information) or reads the same from the data storage unit
470. (ST4)

On the other hand, when the frequency information of the
additionally inputted reference clocks varies compared to
the pre-stored frequency information (or reference 1re-
quency information), the touch driving control unit 450
reads, from the data storage unit 470, the frequency modu-
lation parameter set value corresponding to the frequency
information of the additionally inputted reference clocks.
(STS).

FIG. 8 1s a diagram illustrating frequency modulation
parameter set values and frequency modulation characteris-
tics of touch driving signals. FIG. 9 1s a wavetorm diagram
illustrating reference clocks and generation periods of touch
driving signals in the touch driving circuit 400.

As shown 1n FIGS. 8 and 9, 1n the data storage unit 470,
stored are frequency modulation parameter set values (e.g.,
A to B-values of 249 to 251) corresponding respectively to
frequency information (e.g., 49 MHz to 51 MHz) of the
reference clocks R_C. The frequency modulation parameter
set value may be the generation period set value (or gen-
eration period count value) of the reference clocks R_C.

The data storage unit 470 may be responsive to a real-time
input of the frequency information (e.g., 49 MHz to 51
MHz) of the reference clock from the reference clock
detection unit 4535 or the touch driving control unit 450 for
supplying the touch driving control unit 450 with any one
frequency modulation parameter set value (e.g., one of A to
B-values 249 to 251) corresponding to the inputted ire-
quency information of the reference clock.

Referring to FIG. 9, the generation periods of the refer-
ence clocks R_C are repetitive rising or falling periods of the
reference clocks R_C, and the touch driving control unit 450
may count the repetitive rising or falling periods of the
reference clocks.

The touch driving control unit 450 1s responsive to any
one Irequency modulation parameter set value (e.g., one of
A to B-values 249 to 251) when maintained or newly
inputted, for generating the touch driving period signal
VA_C for each generation period (e.g., A-value 251) of the
reference clock R_C corresponding to the frequency modu-
lation parameter set value.

In other words, the touch driving control unit 450 counts
the sequentially inputted reference clocks R_C 1n correspon-
dence with the frequency modulation parameter set value
(e.g., A-value 251) and thereby generates the touch driving
period signal VA_C for each of the period counts of the
reference clock R_C. Then, the touch driving control unit
450 supplies the touch driving control signal including the
touch drniving period signal VA_C to the dniving signal
output unit 410. Accordingly, the driving signal output unit
410 generates the touch drniving signal Tx (208 kHz) based
on the generation period of the touch driving period signal
VA_C and supplies the touch driving signal Tx (208 kHz) to
the first touch pads TP1 and the driving electrodes TE. (ST6)
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The touch data generation unit 461 sequentially receives
the touch data 1tems for the touch detection signals from the
analog-to-digital conversion unit 430, compares the touch
data items with preset detection reference data, and transmits
differential data values of the touch data items to the touch
coordinate output umt 462. Accordingly, the touch coordi-
nate output unit 462 may calculate and generate the touch
position coordinates for the touch data items having large
differential data values among the touch data items sequen-
tially detected through the touch data generation unit 461
(ST7).

FIG. 10 1s a graph 1llustrating changes 1n the frequency of
reference clocks and touch driving signals in a touch driving
circuit.

The touch dniving control umit 450 1s responsive to
variations of the frequency information of the reference
clocks R_C for reading, from the data storage umt 470, a
frequency modulation parameter set value, e.g., one of A to
B-values of 249 to 251. Additionally, the touch driving
control unit 450 counts the sequentially inputted reference
clocks R_C in correspondence with a newly varied fre-
quency modulation parameter set value, e.g., A-value 231.
Counting the reference clocks R_C by using the newly
varied frequency modulation parameter set value can keep
the driving frequencies of the touch driving period signal
VA_C and the touch dniving signal Tx (208 kHz) constant
even when the frequency of the reference clocks R_C varies
as shown i FIG. 10.

FIG. 11 1s another sequential flowchart of an operation
sequence of the touch driving circuit 400 1llustrated 1n FIG.
6.

Referring to FIG. 11 along with FIG. 6, the reference
clock generation unit 451 may be responsive to an operation
signal mputted from the touch driving control unit 450 for
generating the reference clocks at a preset reference voltage
level (e.g., 1 V) and transmitting the generated reference
clocks to the touch driving control umt 450 and the reference
clock detection unit 455.

The reference clock detection unit 455 counts or moni-
tors, 1n a preset period unit, the reference clocks transmitted

from the reference clock generation unit 451 to the touch
driving control unit 450 and thereby detects the voltage
levels of the reference clocks in real-time. The reference
clock detection unit 455 transmits information on the volt-
age levels of the reference clocks detected 1n real-time to the
touch driving control unit 450 and the data storage unit 470.

The data storage unit 470 stores voltage modulation
parameter set values respectively corresponding to the volt-
age level information 1tems of the reference clocks. The data
storage unit 470 1s responsive to inputted voltage level
information items of the reference clocks from the reference
clock detection unit 455 or the touch driving control unit 450
for supplying the data storage unmit 470 with the voltage
modulation parameter set values corresponding to the mput-
ted voltage level information 1tems of the reference clocks.
Here, the voltage modulation parameter set values may be
compensation values for voltage amplitude modulation of
the reference clocks. Accordingly, the touch driving control
unit 450 may be responsive to an iput or update of a voltage
modulation parameter set value for generating a touch
driving period signal with a voltage level after further
compensation by the voltage modulation parameter set
value. For example, the touch driving control unit 450 may
compensate the voltage level of the reference clock inputted
from the reference clock generation umit 451 with the
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voltage level of the voltage modulation parameter set value,
thereby setting and outputting the voltage level of the touch
driving period signal.

The touch driving control unit 450 controls to supply, in
units of a preset period, the touch driving period signal with 53
its voltage level compensated and the touch drniving control
signal to the driving signal output unit 410, thereby allowing
the driving signal output unit 410 to supply touch driving
signals to the driving electrodes TE. The driving signal
output unit 410 may generate a touch driving signal accord- 10
ing to the voltage level of the touch driving period signal,
and supply the generated touch driving signal to the first
touch pads TP1 and the driving electrodes TE.

Referring to FIG. 11, the touch driving control unit 450
may supply an operation signal to the reference clock 15
generation unit 451. Accordingly, the reference clock gen-
cration unit 451 may be responsive to the operation signal
from the touch driving control unit 450 for generating and
outputting reference clocks according to a preset reference
voltage level. For example, the reference clock generation 20
unit 451 may generate reference clocks with a preset refer-
ence voltage level of 1 V and transmit the generated refer-
ence clocks to the touch driving control umt 450 and the
reference clock detection unit 455 (SS1).

The reference clock detection unit 455 detects voltage 25
levels of reference clocks transmitted to the touch driving
control unit 450. The reference clock detection unit 455 may
transmit voltage level information of the reference clocks
detected 1n real-time to the touch drniving control unit 450
and the data storage unit 470 (552). 30

The touch driving control unit 450 compares the voltage
level information of the reference clocks inputted from the
reference clock detection unit 4355 with the pre-stored ref-
erence voltage level mnformation to determine whether the
voltage of the reference clocks changes, that 1s, check 35
whether or not there 1s a voltage error change of the
reference clocks (SS3).

Unless the voltage level of the reference clocks changes,
the touch driving control unit 450 lets the pre-stored voltage
modulation parameter set value maintain or reads a new 40
voltage modulation parameter set value from the data stor-
age unit 470 (SS4).

On the other hand, when the voltage level information of
the additionally inputted reference clocks varies compared
to the pre-stored voltage level information, the touch driving 45
control unit 450 reads, from the data storage unit 470, the
voltage modulation parameter set value corresponding to the
voltage level information of the additionally 1mnputted refer-
ence clocks. (555).

FIG. 12 1s a diagram illustrating voltage modulation 50
parameter set values and voltage modulation characteristics
of touch driving signals. FIG. 13 1s a wavetform diagram
illustrating generation periods and voltage levels of the
reference clocks and the touch driving signals 1n the touch
driving circuit. 55

As shown 1n FIGS. 12 and 13, in the data storage unit 470,
stored are voltage modulation parameter set values (e.g., A
to B-values 1.9 V to 2.1 V) corresponding respectively to
voltage level information (e.g., 0.9 V to 1.1 V) of the
reference clocks R_C. The voltage modulation parameter set 60
value may be an additional compensation voltage value for
the reference clocks R C.

The data storage unit 470 1s responsive to a real-time input
of the voltage information (e.g., 0.9 V to 1.1 V) of the
reference clock from the reference clock detection unit 455 65
or the touch driving control unit 450 for supplying the touch
driving control unit 450 with any one voltage modulation
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parameter set values (e.g., one of A to B-values of 1.9 V to
2.1 V) corresponding to the inputted voltage information of
the reference clock.

The touch driving control unit 450 1s responsive to any
one voltage modulation parameter set value (e.g., one of A
to B-values of 1.9 V to 2.1 V) when maintained or newly
inputted, for setting the voltage level of the touch drniving
signal Tx (2.0 V) by compensating the voltage level of the
reference clock R_C with the voltage modulation parameter
set value. Accordingly, the driving signal output unit 410
generates the touch drniving signal Tx (2.0 V) based on the
voltage level setting information of the touch driving signal
Tx (2.0 V) and supplies the generated touch driving signal
Tx to the first touch pads TP1 and the driving electrodes TE.
(SS6)

The touch data generation unit 461 sequentially receives
the touch data 1tems for the touch detection signals from the
analog-to-digital conversion unit 430, compares the touch
data items with preset detection reference data, and transmits
differential data values of the touch data items to the touch
coordinate output umt 462. Accordingly, the touch coordi-
nate output unit 462 may calculate and generate the touch

position coordinates for the touch data items having large
differential data values among the touch data items sequen-
tially detected through the touch data generation unit 461
(SS7).

FIG. 14 1s a graph illustrating voltage changes of refer-
ence clocks and touch driving signals 1mn a touch driving
circuit.

As described above, the touch driving control unit 450 1s
still responsive to varying voltage levels of the reference
clocks R_C, for reading, from the data storage unit 470, a
voltage modulation parameter set value (e.g., one of A to
B-values of 1.9V to 2.1V) that corresponds to the varied
voltage level information of the reference clocks R_C. Then,
the touch driving control umt 450 sets the voltage level of
the touch driving signal by compensating the voltage of the
sequentially mputted reference clocks R_C with the voltage
level according to the voltage modulation parameter set
value. Accordingly, as shown 1n FIG. 14, even with voltage
level vanations of the reference clocks R_C, the voltage
levels of the touch driving period signal VA_C and the touch
driving signals Tx can be maintained constant.

FIGS. 15 and 16 are perspective views of a display device
10 according to some embodiments of the present disclo-
sure.

FIGS. 15 and 16 1illustrate the display device 10 as a
toldable display device that 1s folded 1n the first (X-axis)
direction. The display device 10 may maintain both a folded
state and an unfolded state. The display device 10 may be
folded 1n an in-folding manner in which front surfaces are
located 1nside. When the display device 10 1s bent or folded
in an n-folding manner, the front surfaces of the display
device 10 may be arranged to face each other. Alternatively,
the display device 10 may be folded in an out-folding
manner 1 which the front surfaces are located on the
outside. When the display device 10 1s bent or folded 1n the
out-folding manner, the rear surfaces of the display device
10 may be arranged to face each other.

The display device 10 may have a first non-folding area
NFA1 and a folding area FDA with the first non-folding area
NFA1 located on one side, for example, on the right side of
the folding area FDA. A second non-folding area NFA2 may
be located on the other side, for example, on the lett side of
the folding area FDA. The touch sensing unit TSU according
to the embodiments of the present specification may be
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formed and located on the first non-folding area NFA1 and
the second non-folding area NFA2, respectively.

A first folding line FOL1 and a second folding line FOL2

are provided extending in the second (Y-axis) direction, and
the display device 10 may be folded in the first (X-axis)
direction. This can approximately halve the length of the
display device 10 1n the first (X-axis) direction, allowing the
user to conveniently carry the display device 10.

Meanwhile, the extending direction of the first folding
line FOL1 and the extending direction of the second folding
line FOL2 are not limited to the second (Y-axis) direction.
For example, the first folding line FOL1 and the second
tolding line FOL2 may extend 1n the first (X-axi1s) direction,
and the display device 10 may be folded in the second
(Y-axis) direction. This may approximately halve the length
of the display device 10 in the second (Y-axis) direction.
Alternatively, the first folding line FOL1 and the second
folding line FOL2 may extend in a diagonal direction of the
display device 10 corresponding to an extension between the
first (X-axis) direction and the second (Y-axis) direction.
This allows the display device 10 to be folded 1n a triangular
shape.

When the first folding line FOL1 and the second folding
line FOL2 extend 1n the second (Y-axis) direction, the length
of the folding area FDA 1n the first (X-axis) direction may

be shorter than the length 1n the second (Y-axis) direction.
Additionally, the length of the first non-folding area NFA1
in the first (X-axis) direction may be longer than the length
of the folding area FDA 1n the first (X-axis) direction. The
length of the second non-folding areca NFA2 in the first
(X-axis) direction may be longer than the length of the
folding area FDA 1n the first (X-axis) direction.

A first display area DA1 may be located on the front
surface of the display device 10. The first display area DA1
may overlap the folding area FDA, the first non-folding area
NFA1, and the second non- foldmg arca NFA2. Therefore,
when the display device 10 1s unfolded, an 1mage may be
displayed forwardly of the folding area FDA, the first
non-folding area NFA1, and the second non-folding area
NFA2 of the display device 10.

A second display area DA2 may be located on the rear
surface of the display device 10. The second display area
D A2 may overlap the second non-folding area NFA2. There-
fore, when the display device 10 1s folded, an 1mage may be
displayed forwardly of the second non-folding area NFA2 of
the display device 10.

FIGS. 15 and 16 1llustrate that the first non-folding area
NFA1 1s arranged with a through-hole TH in which a camera
SDA 1s formed, but embodiments according to the present
disclosure are not limited thereto. The through-hole TH or
the camera SDA may be located 1n the second non-folding
area NFA2 or the folding area FDA.

FIGS. 17 and 18 are perspective views of a display device
10 according to some embodiments of the present disclo-
sure.

FIGS. 17 and 18 illustrate the display device 10 as a
toldable display device that 1s folded 1n the second (Y-axis)
direction. The display device 10 may maintain both a folded
state and an unfolded state. The display device 10 may be
folded 1n an in-folding manner in which front surfaces are
located mnside. When the display device 10 1s bent or folded
in an 1n-folding manner, the front surfaces of the display
device 10 may be located to face each other. Alternatively,
the display device 10 may be folded i an out-folding
manner 1 which the front surfaces are located on the
outside. When the display device 10 1s bent or folded 1n an
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out-folding manner, the rear surfaces of the display device
10 may be arranged to face each other.

The display device 10 may include a folding area FDA, a
first non-folding area NFA1, and a second non-folding area
NFA2. The folding area FDA may be an area in which the
display device 10 1s folded, and the first non-folding area
NFA1 and the second non-folding area NFA2 may be areas
in which the display device 10 1s not folded. The first
non-folding area NFA1 may be located on one side, for
example, a lower side of the folding area FDA. The second
non-folding area NFA2 may be located on the other side, for
example, the upper side of the folding area FDA.

The touch sensing unit TSU according to the embodi-
ments of the present specification may be formed and
located on the first non-folding area NFA1 and the second
non-folding area NFA2, respectively.

On the other hand, the folding areca FDA may be an area

bent at a curvature (e.g., a set or predetermined curvature) in
a first folding line FOL1 and a second folding line FOL?2.

Theretfore, the first folding line FOL1 may be a boundary
between the folding area FDA and the first non-folding area
NFA1, and the second folding line FOL2 may be a boundary
between the folding area FDA and the second non-folding
areca NFA2.

The first folding line FOL1 and the second folding line
FOL2 may extend 1n the first (X-axis) direction as shown 1n
FIGS. 17 and 18, and the display device 10 may be folded
in the second (Y-axis) direction. This can approximately
halve the length of the display device 10 in the second
(Y-axis) direction, facilitating the user carrying the display
device 10.

Meanwhile, the extending direction of the first folding
line FOL1 and the extending direction of the second folding
line FOL2 are not limited to the first (X-axis) direction. For
example, the first folding line FOL1 and the second folding
line FOL2 may extend in the second (Y-axis) direction, and
the display device 10 may be folded in the first (X-axis)
direction. This can approximately halve the length of the
display device 10 1n the first (X-axis) direction. Alterna-
tively, the first folding line FOL1 and the second folding line
FOL2 may extend in a diagonal direction of the display
device 10 corresponding to an extension between the first
(X-axis) direction and the second (Y-axis) direction. This
allows the display device 10 to be folded 1n a triangular
shape.

When the first folding line FOL1 and the second folding
line FOL2 extend in the first (X-axis) direction as shown 1n
FIGS. 17 and 18, the length of the folding area FDA 1n the
second (Y-axis) direction may be shorter than the length
thereof 1n the first (X-axis) direction. Additionally, the
length of the first non-folding area NFA1 in the second
(Y-axi1s) direction may be longer than the length of the
folding area FDA 1n the second (Y-axis) direction. The
length of the second non-folding area NFA2 in the second
(Y-axis) direction may be longer than the length of the
folding area FDA 1n the second (Y-axis) direction.

A first display area DA1 may be located on the front
surface of the display device 10. The first display area DA1
may overlap the folding area FDA, the first non-folding area
NFA1, and the second non—foldmg areca NFA2. Therefore,
when the display device 10 1s unfolded, an 1image may be
displayed forwardly of the folding areca FDA, the first
non-folding area NFA1, and the second non-folding area
NFA2 of the display device 10.

A second display area DA2 may be located on the rear
surface of the display device 10. The second display area
DA2 may overlap the second non-folding area NFA2. There-
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fore, when the display device 10 1s folded, an 1image may be
displayed forwardly of the second non-folding area NFA2 of
the display device 10.

FIGS. 17 and 18 illustrate that the second non-folding
area NFA2 1s arranged with a through-hole TH 1n which a
camera SDA 1s located, but embodiments according to the
present disclosure are not limited thereto. The through-hole
TH may be located in the first non-folding area NFA1 or the
folding area FDA.

According to embodiments of the present disclosure, a
touch detection module and a display device including the
same can constantly (or regularly or repeatedly) generate a
frequency of touch driving signals supplied to touch elec-
trodes, thereby preventing or reducing instances of a touch
sensing error of the touch detection module and providing
relatively improved accuracy of the touch detection.

Additionally, the touch detection module and the display
device including the same according to some embodiments
of the present disclosure can secure the operating condition
margin of the touch electrodes and the frequency range of
the touch driving signals, thereby improving the production
yield of the touch detection module.

The electronic or electric devices and/or any other rel-
evant devices or components according to embodiments of
the present invention described herein may be implemented
utilizing any suitable hardware, firmware (e.g., an applica-
tion-specific integrated circuit), software, or a combination
of software, firmware, and hardware. For example, the
various components of these devices may be formed on one
integrated circuit (IC) chip or on separate 1C chips. Further,
the various components of these devices may be imple-
mented on a flexible printed circuit film, a tape carrier
package (TCP), a printed circuit board (PCB), or formed on
one substrate. Further, the various components of these
devices may be a process or thread, running on one or more
processors, 1n one or more computing devices, executing,
computer program instructions and interacting with other
system components for performing the various functionali-
ties described herein. The computer program instructions are
stored 1n a memory which may be implemented 1n a com-
puting device using a standard memory device, such as, for
example, a random access memory (RAM). The computer
program 1nstructions may also be stored in other non-
transitory computer readable media such as, for example, a
CD-ROM, flash drive, or the like. Also, a person of skill in
the art should recognize that the functionality of various
computing devices may be combined or integrated into a
single computing device, or the functionality of a particular
computing device may be distributed across one or more
other computing devices without departing from the spirit
and scope of the embodiments of the present invention.

However, the effects of the embodiments are not restricted
to the ones set forth herein. The above and other effects of
the embodiments will become more apparent to one of daily
skill 1n the art to which the embodiments pertain by refer-
encing the claims, and their equivalents.

In concluding the detailed description, those skilled 1n the
art will appreciate that many variations and modifications
can be made to the embodiments without substantially
departing from the principles of the present invention.
Therefore, the disclosed preferred embodiments of the
invention are used 1n a generic and descriptive sense only
and not for purposes of limitation.

What 1s claimed 1s:
1. A touch detection module, comprising:
a plurality of driving electrodes arranged side by side;
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a plurality of sensing electrodes staggered with respect to
the driving electrodes; and

a touch driving circuit configured to supply touch driving
signals to the plurality of driving electrodes and to
detect touch detection signals through the plurality of
sensing electrodes to identily touch position coordi-
nates,

wherein the touch driving circuit 1s configured:

to vary Ifrequency modulation parameter set values 1n
response to a change in a frequency of reference clocks,
and

to generate and supply a frequency of the touch driving
signals by using the reference clocks and a varied
frequency modulation parameter set value.

2. The touch detection module of claim 1, wherein the

touch driving circuit comprises:

a reference clock generator configured to generate the
reference clocks based on a preset reference frequency;

a relference clock detector configured to generate fre-
quency nformation items of the reference clocks 1n
real-time;

a data storage component configured to store and share
frequency modulation parameter set values respec-
tively corresponding to the frequency information
items of the reference clocks;

a touch driving controller configured to read 1n real-time,
from the data storage component, the frequency modu-
lation parameter set values corresponding to the fre-
quency information items of the reference clocks, and
to generate a touch driving period signal according to
the reference clocks and the frequency modulation
parameter set values; and

a driving signal output component configured to generate
the touch driving signals in response to information on
a generation period of the touch driving period signal,
and to supply the touch driving signals to the plurality
of driving electrodes.

3. The touch detection module of claim 2, wherein the

touch driving circuit further comprises:

a sensing circuit configured to detect the touch detection
signals through the plurality of sensing electrodes;

an analog-to-digital converter configured to sequentially
convert the touch detection signals into touch data
items:

a touch data generator configured to calculate diflerential
data values of the touch data items by comparing the
touch data items with preset detection reference data;
and

a touch coordinate output component configured to cal-
culate the touch position coordinates for the touch data
items having large diflerential data values among the
touch data items sequentially detected through the
touch data generator.

4. The touch detection module of claim 2, wherein the
frequency modulation parameter set values comprise period
values of the reference clocks, the period values being
obtained by setting rising or falling periods of the reference
clocks, and

wherein the touch driving controller 1s configured to
generate the touch driving period signal for each gen-
eration period of the reference clocks according to the

frequency modulation parameter set values to maintain
frequencies of the touch driving period signal and the
touch driving signals.

5. The touch detection module of claim 2, wherein the
touch driving controller 1s configured to count the reference
clocks that are mputted sequentially, 1n correspondence with
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the frequency modulation parameter set values, to generate

the touch driving period signal for each of period counts of

the reference clocks and to maintain the frequency of the
touch driving signals.

6. The touch detection module of claim 2, wherein the
touch driving controller 1s configured

to compare frequency information of the reference clocks

inputted from the reference clock detector with pre-
stored frequency information or reference frequency
information to determine the reference clocks have a
frequency error subjected to a vanation, and

to be responsive to variations of the frequency informa-

tion items of the reference clocks for reading, from the
data storage component, frequency modulation param-
eter set values corresponding to varied frequency infor-
mation items of the reference clocks.

7. The touch detection module of claim 6, wherein the
frequency modulation parameter set values comprise period
values of the reference clocks, the period values being
obtained by setting rising or falling periods of the reference
clocks, and

wherein the touch driving controller 1s configured to count

the reference clocks that are mputted sequentially, 1n
correspondence with the frequency modulation param-
cter set values, to generate the touch driving period
signal for each of counted periods of the reference
clocks, and to generate the touch driving signals based
on the touch driving period signal.

8. The touch detection module of claim 1, wherein the
touch driving circuit 1s configured:

to vary a voltage modulation parameter set value in

response to a change 1n a voltage level of the reference
clocks, and

to generate and supply a voltage level of the touch driving

signals by using the reference clocks and a varied
voltage modulation parameter set value.

9. The touch detection module of claim 8, wherein the
touch driving circuit comprises:

a reference clock generator configured to generate the
reference clocks based on a preset reference voltage;

a reference clock detector configured to generate voltage
level information items of the reference clocks 1n
real-time:

a data storage component configured to store and share
voltage modulation parameter set values respectively
corresponding to the voltage level information items of
the reference clocks:

a touch driving controller configured to read, in real-time,
from the data storage component, the voltage modula-
tion parameter set values corresponding to the voltage
level information 1tems of the reference clocks, and to
generate a touch driving period signal according to the
reference clocks and the voltage modulation parameter
set values; and

a driving signal output component configured to generate
the touch driving signals 1n response to a voltage level
of the touch driving period signal, and to supply the

touch driving signals to the plurality of driving elec-
trodes.

10. The touch detection module of claim 9, wherein the
voltage modulation parameter set values include additional
compensatory voltage values for voltages of the reference
clocks, and

wherein the touch driving controller 1s configured to

further compensate the voltages of the reference clocks
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with voltages according to the voltage modulation
parameter set values to maintain the voltage level of the
touch driving signals.

11. The touch detection module of claim 9, wherein the
touch driving controller 1s configured to further compensate
voltages of the reference clocks that are iputted sequen-
tially with voltages according to the voltage modulation
parameter set values to generate a touch driving period
signal and to maintain the voltage level of the touch driving
signals.

12. The touch detection module of claim 9, wherein the
touch driving controller 1s configured:

to compare voltage level immformation of the reference
clocks mputted from the reference clock detector with
pre-stored voltage level information or reference volt-
age information to determine the reference clocks have
a voltage error subjected to a variation; and

to be responsive to varniations of the voltage level infor-
mation 1items of the reference clocks to read, from the
data storage component, voltage modulation parameter
set values corresponding to additionally mputted volt-
age level information 1tems of the reference clocks.

13. The touch detection module of claim 12, wherein the
voltage modulation parameter set values include additional
compensatory voltage values for voltages of the reference
clocks, and

wherein the touch driving controller 1s configured to
further compensate voltages of the reference clocks that
are inputted sequentially with voltages according to the
voltage modulation parameter set values to generate a
touch driving period signal and maintain the voltage
level of the touch driving signals.

14. A display device, comprising:

a display panel including a display area having a plurality
of pixels; and

a touch detection module on a front surface of the display
panel and configured to detect a touch 1nput,

wherein the touch detection module comprises:

a plurality of driving electrodes arranged side by side,

a plurality of sensing electrodes staggered with respect to
the driving electrodes, and

a touch driving circuit configured to supply touch driving
signals to the plurality of driving electrodes and to
detect touch detection signals through the plurality of
sensing electrodes to detect touch position coordinates,
and

wherein the touch driving circuit 1s configured

to vary Irequency modulation parameter set values 1n
response to a change in a frequency of reference clocks,
and

to generate and supply a frequency of the touch driving
signals by using the reference clocks and a varied
frequency modulation parameter set value.

15. The display device of claim 14, wherein the touch

driving circuit comprises:

a reference clock generator configured to generate the
reference clocks based on a preset reference frequency;

a reference clock detector configured to generate ire-
quency information items of the reference clocks 1n
real-time:

a data storage component configured to store and share
frequency modulation parameter set values respec-
tively corresponding to the Irequency information
items of the reference clocks;

a touch driving controller configured to read in real-time,
from the data storage component, the frequency modu-
lation parameter set values corresponding to the fre-
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quency information items of the reference clocks, and
to generate a touch driving period signal according to
the reference clocks and the frequency modulation
parameter set values; and

a driving signal output component configured to generate
the touch driving signals in response to information on
a generation period of the touch driving period signal,
and to supply the touch driving signals to the plurality
of driving electrodes.

16. The display device of claim 135, wherein the touch

driving circuit comprises:

a sensing circuit configured to detect the touch detection
signals through the plurality of sensing electrodes;

an analog-to-digital converter configured to sequentially
convert the touch detection signals into touch data
items:

a touch data generator configured to calculate differential
data values of the touch data items by comparing the
touch data items with preset detection reference data;
and

a touch coordinate output component configured to cal-
culate the touch position coordinates for the touch data
items having large differential data values among the
touch data items sequentially detected through the
touch data generator.

17. The display device of claim 15, wherein the frequency

modulation parameter set values comprise period values of
the reference clocks, the period values being obtained by

setting rising or falling periods of the reference clocks, and
wherein the touch driving controller 1s configured to
generate the touch driving period signal for each gen-
eration period of the reference clocks according to the
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frequency modulation parameter set values to maintain
the touch driving period signal and the frequency of the
touch driving signals.

18. The display device of claim 15, wherein the touch
driving controller 1s configured to count the reference clocks
that are inputted sequentially, 1n correspondence with the
frequency modulation parameter set values, for generating
the touch driving period signal for each of period counts of
the reference clocks and maintaining the frequency of the
touch driving signals.

19. The display device of claim 15, wherein the touch
driving controller 1s configured:

to compare frequency mformation of the reference clocks

inputted from the reference clock detector with pre-
stored frequency information or reference frequency
information to determine the reference clocks have a
frequency error subjected to a variation, and

to be responsive to variations of the frequency informa-

tion items of the reference clocks for reading, from the
data storage component, frequency modulation param-
cter set values corresponding to varied frequency infor-
mation items of the reference clocks.

20. The display device of claim 19, wherein the frequency
modulation parameter set values comprise period values of
the reference clocks, the period values being obtained by
setting rising or falling periods of the reference clocks, and

wherein the touch driving controller 1s configured to count

the reference clocks that are inputted sequentially, 1n
correspondence with the frequency modulation param-
cter set values, to generate the touch drniving period
signal for each of period counts of the reference clocks,
and to generate the touch driving signals based on the

touch driving period signal.
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